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CYTOCHEMICAL STUDIES OF ECCRINE SWEAT TUBULES:
CELLULAR DIFFERENTIATION AND GLYCOGEN
CONTENT*
FRANK E. CORMIA, M.D. AND VIRGINIA KTJYKENDALL, MT.
In a recent study of the histology and cytochemistry of the eccrine sweat
glands, Montagna, Chase and Lobitz (1) made detailed observations on the
tubular structure. With toluidine blue stains, they distinguished two types of
cells in the single layer of truncated pyramidal cells lining the secretory tubules.
The first type was a small "dark" cell with basophilic cytoplasm, the nuclei of
which were near the distal end of the cytoplasm. Above the nucleus were one or
two small vacuoles. The granules in the basophilic cytoplasm showed a meta-
chromatic tinge especially in the terminal portion of the cell. The second type
was a large "clear" cell with basal nuclei. These cells contained barely visible
basophilic granules, mostly around the nucleus. They found also that both types
of cells rested on the basement membrane and reached the lumen.
Because of these interesting observations, a further study of the two ap-
parently distinct tubular cells and their function seemed indicated.
MATERIALS AND METHODS
Studies of eccrine sweat tubules were made on two patients with complete
sweat retention, one associated with recurrent miliaria and the other with severe
atopic dermatitis. Serial sections were done. In the patient with atopic dermatitis,
alternate sections were stained with Hotchkiss-McManus and toluidine blue;
in the patient with miliaria, every ninth section was stained with toluidine blue
and the intervening sections by Hotchkiss-McManus technic. Two biopsies were
taken in the patient with atopic dermatitis, one as an initial control and the
second at a site which had been injected 4 times at 10 minute intervals with a
0.1 cc. of 1:40,000 solution of mecholyl. This latter procedure has been shown in
previous experiments (2) to effect a complete depletion of tubular glycogen
regardless of whether or not sweat retention was present. Comparisons were
made of adjacent cross sections of individual tubules, one stained with toluidine
blue and the other with the Hotchkiss-McManus technic. Since the sections were
only 5 micra in thickness, it was considered feasible to compare the individual
cellular structure on adjacent slides. Attempts were made also to determine the
types of cells in which the glycogen was mainly located. Finally, the tubular
structure as revealed in the toluidine blue stain was studied both before and after
the injection of mecholyl.
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FIG. 1. Toluidirie blue stair' (960 X). Tubule showing dark and clear cells and many cells
in which differentiation is difficult. Large clear cells can be seen towards the periphery and
in two instances abut on the lumen.
OBSERVATIONS ON CELLULAR TYPES OR VARIANTS IN THE SWEAT TUBULE
In initial sections stained with toluidine blue, all of the features described by
Montagna and his associates (1) could be identified. Both clear and dark cells
could be seen, although most of the cells appeared to be of the dark variety.
The darker basophilic color of the dark cells was greatly accentuated by the
presence of a pale lilac metachromasia, which occurred in both fine and granular
form. Metachromasia was noted mainly towards the luminal aspect of the cyto-
plasm of the dark cells. The basophilic tendency was much less apparent in the
clear cells and metachromasia was minimal and finely granular in nature. No
conspicuous differences could be seen between the nuclei of the dark and clear
cells. Usually the cytoplasm of the clear cells was more abundant but this was not
invariable. Vacuolization of cells was noted mainly towards the basement
membrane. Two other, possibly related features, were seen occasionally in the
initial sections. The first of these was the occurrence of single to multiple small
round clear areas, possibly representing vacuolization and occurring adjacent to
the basement membrane. The second feature was the presence of relatively small
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cells with practically clear cytoplasm and a normal-sized or somewhat shrunken
nucleus, often dark in color. These cells were visualized only in close proximity
to the basement membrane. This third type of cell, not specifically mentioned by
Montagna and his co-workers (1), had features resembling both the dark and the
clear cells. However, its exact derivation could not be determined although in
this study it was considered as a variant of a clear cell.
After sweat secretion was stimulated by repeated intradermal injections of
mecholyl, the appearance of the tubule with the toluidine blue stain became
considerably altered. All the features described in the initial sections were still
present, but there was a considerable increase in the number of clear cells. This
was particularly true if one includes as clear cells the small round clear cells with
shrunken nuclei adjacent to the basement membrane. This latter type of cell,
as well as peripheral vacuolization, was greatly increased in number in the after
mecholyl sections. This is well shown in Figure 2.
A comparison was made of the relative numbers of dark and clear cells before
and after injection of mecholyl. A count was made of 345 individual cells occur-
ring in cross or longitudinal sections of 10 tubules before the injection of mecholyl.
FIG. 2. Toluidine blue stain (960 X) after Mecholyl showing a dilated tubule with many
small peripherally located clear cells with dark shrunken nuclei.
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TABLE 1
Glycogen content of dark aad clear cells of eccrine sweat tubules
Cell Types
Glycogen Content
None Little Moderate Much
4 30 57 53
11 49 38 9
Dark
Clear
Glycogen was abundant in all tubules studied. There were 330 dark cells and 15
clear cells, although differentiation in many instances was difficult because of the
presence of intermediate type cells. If the cell type could not be made out, it
was omitted from the calculation. Following the injection of mecholyl, glycogen
was depleted completely from the tubular cells, indicating that maximal sweat
secretion had occurred. In this case the comparable count in 15 tubules was 261
dark cells and 89 clear cells. It would seem that stimulation of sweat secretion
results in a considerable increase in the number of clear cells, particularly the
small, peripherally located variety.
GLYCOGEN DISTRIBUTION IN SWEAT TUBULES
Glycogen in the sweat tubules can be identified readily with the Hotchkiss-
MeManus stain. Its presence can be verified by preliminary treatment with
diastase or saliva, which completely removes it. With the Hotchkiss-McManus
stain, glycogen occurs in irregular accumulations. Its color varies, depending
FIG. 3. Toluidine blue (about 1600X). Centrally visualized dark cells are easily identi-
fied. Clear cells are present at 8:45 and at the periphery between 11:00 and 1:00 l'clock.
Atypical clear cells with small shrunken nuclei and surrounding clear areas are seen at
6:00 o'clock.
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FIG. 4. Hotchkiss-McManus (about 1600X). Areas with scant or absent glycogen corre-
spond fairly well with the clear cells seen in figure 3. Glycogen absent in the periphery at
6:00 o'clock, corresponding to location of small atypical clear cells.
FTG. 5. Toluidine blue (1600X). Cross section of tubule with more than usual number of
clear cells.
FIG. 6. Hotchkiss-McManus (1600X). Relatively low glycogen content in tubule cells
shown in figure 5.
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upon minor variations in the staining technic, the thickness of the section, the
angle through the tubule at which the section is cut, and the difference in glycogen
content of adjacent cells. The sections studied were of uniform thickness (5 micra).
Observations were made only in the tubules which were seen in cross or longi-
tudinal section, since the amount and distribution of glycogen was difficult to
evaluate in obliquely cut tubules.
With this technic, the glycogen varied in color from a pink to a deep purple.
The usual color was reddish-purple. The glycogen appeared in several forms, it
could have a smooth homogeneous appearance, at times it was finely granular,
and when scanty in amount was often lacy in character. Frequently, coarse
dark-staining granules also could be identified; these were often scattered but
tended to collect around the nuclei and at the periphery of the cells. The nuclei
seemed to contain little or no glycogen; apparent deposits of nuclear glycogen
were thought to represent cytoplasm accumulations in overlying cells included
in the sections. In individual cells, glycogen tended to be piled up around
the nuclei or at the periphery of the cytoplasm, but infrequently it occurred dif-
fusely throughout the cytoplasm. The glycogen deposits were generally in ir-
regular accumulations either in individual cells or in small groups of cells. Tn-
FIG. 7. Toluidine blue (i600X). Cross section of tubule showing mainly dark cells.
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angular accumulations with the apex towards the lumen were common. Howevet
individual collections varied greatly in size and shape. At times, individual cell
were perfectly outlined with glycogen accumulations abutting on the basemen
membrane and the lumen. The intensity of glycogen staining varied greatl;
from cell to cell, but tended to be relatively uniform in individual aecumulation
In general, multiple discrete accumulations in individual cross sections wer
uniform in staining intensity. The intensity of staining was comparatively uni
form in individual sweat glands, but this was not always true. The overall con
centration of glycogen in different sweat glands seen in a single section was a
times uniform, but frequently some glands contained considerably more glycogen
than others.
The canaliculi described by various authors (3) were well shown in sections
which contained abundant glycogen. Intercellular canaliculi were easily identi-
fied, although their significance remains in doubt. It was difficult to trace the
course of the so-called intracellular canaliculi. The possibility that these were in
reality intercellular canaliculi of overlying cells could not be eliminated.
An attempt was made to determine the relative amount of glycogen present
FIG. 8. Hcrtchkiss MeManus (1600X). Relatively high glycogen content in tubule cell
shown in figure 7.
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in the different types of cells in the sweat tubue. The procedure employed was
the comparison of serially adjacent cross sections of a sweat tubule, one stained
with Hotchkiss-McManus and the other with toluidine blue. The essential de-
ficiency of this procedure, which may lead to errors in interpretation, is the fact
that these adjacent sections may not bisect the same p'ane. At one level, the
section may pass through adjacent dark and clear cells; at the next level, the
periphery of a cell different from the undeflying one may be included. Despite
this obvious source of error, certain generalizations could be made. Glycogen
was present in both dark and clear cells in varying amounts. In a few cells of
each type no glycogen could be detected. A comparlson was made of the amount
of gycogen in 144 dark cells and 107 (lear cells. Findings are shown in table 1.
It will be seen in table 1 that the overall amount of glycogen is appreciably
greater in the dark as compared with the clear cells. The comparable amount
of glycogen in individual cell types is illustrated in Figures 3 and 4. Study of the
glycogen content of the different cell types in many tubules disclosed that gly-
cogen was minimal or absent most frequently in the atypical clear cells. Com-
parison of the amount of tubular glycogen in the different cell types is illustrated
in Figures 5, 6, 7 and 8.
DISCUSSION
A study of the secreting tubules of the eccrine sweat glands has revealed the
presence of 3 types of cells, the dark and clear cells described by Montagna and
his associates (1) and a small peripherally located (lear cell often containing a
shrunken dark-staining nucleus. In addition, many tubular cells (at least one
third of all tubular cells studied) were of an indeterminate type and neither defi-
nitely clear nor dark in nature. The small atypical clear cells seen adjacent to the
basement membrane were present in relatively small numbers in contr& sections.
After intense sweat stimulation by mecholyl, this type of (eU greatly increased
in numbers. Since these cefls contain little or no gycogen, it is possible that they
are associated with the end state of secretory activity. Large clear cells were
seen more frequently after intense sweat stimulation by mecholyl. Since they
contain relatively less glycogen than do the dark cells, it is possible that they
have undergone some secretory or other functional activity. It should be recalled,
however, that Montagna and his co-workers found more mitochondria in the
dark cells than in the (lear cefls. Despite the fact that 3 structurally distinct
types of cells can be seen in the tubules, the presence of many intermediate cell
types raises the question as to whether or not all of the tubular cells may be
essentially similar in nature but in different states of functional activity.
In general, the concentration of glycogen was greatest in the dark cells, inter-
mediate in amount in the large (lear cells and minimal to absent in the small,
peripherally located, atypical clear cells. This finding would suggest that the dark
cells are in a resting state while the clear cells are in a more intense state of func-
tional activity. It would seem that the marked variation in glycogen content in
individual cells and tubules at different levels and in different glands seen in the
same section is indicative of considerable variation in secretory activity. Dole
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and Thaysen (4) pointed out that secretion from individual sweat glands tended
to be uniform over long periods of time and that some sweat glands characteris-
tically secreted more sweat than others. These observations may explain in part
the marked difference in glycogen content in individual cells, tubules, and glands.
Variations in glycogen content in the cells of individual tubules may indicate
that secretory activity is maintained by different levels of functional activity in
individual secretory cells.
SUMMARY
1. Three types of cells were identified in the sweat tubule, a small dark cell,
a large clear cell, and an atypical, peripherally located small clear cell. In addi-
tion many intermediate type cells were seen.
2. Clear cells, particularly the small peripherally located variety, are more
frequent after intense secretory activity.
3. Vacuolization was seen mainly adjacent to the basement membrane, and
was more common after secretory activity.
4. Glycogen was most plentiful in the dark cells, intermediate in amount in
the large clear cells, and minimal to absent in the small peripherally located clear
cells.
5. The different cell types seen in sections stained with toluidine blue may
represent variants of a single type cell in different stages of functional activity.
REFEREN CES
1. MONTAGNA, W., CHASE, H. B. AND LOBJTZ, W. C., JR.: Histology and cytochemistry of
human skin IV. The ecerine sweat glands. J. Invest. Dermat., 20: 415, 1953.
2. CORMIA, F. AND KUYKENDALL, V.: Studies on sweat retention in various dermatoses.
Arch. Dermat. & Syph. To be published.
3. MONTAGNA, W., CHASE, H. B. AND LOBJTZ, W. C., JR.: Histology and cytochemistry of
human skin. The distribution of glycogen in the epidermis, hair follicles, sebaceous
glands and eccrine sweat glands. Anat. Rec. 114: 231, 1952. ITO, I. AND IWASHIGE, K.:
Zytologische TLTntersuchung uber die ekkrinen Schweissdrusen in Menschlicher Oshsel-
haut mit besonderer Berucksichtigung der apokrinen Secretion derselben: Okajimas
Folia Anat. Jap., 23: 147, 1951.
4. DOLE, V. P. AND TJTAYSEN, J. H.: Variation in the functional power of human sweat
glands. J. Exper. Med., 98: 129, 1953.
R
Bd ini al to absent in the s all peripherally located clear
  i  ti s stai ed ith toluidine blue ay
.  EJ , . ., JR.: Histology and cytochemistry of
c
0 mA, F. AND KUYEENDALL, V.: Studi s  i  arious dermatoses.
I e
  cerine sweat glands. Anat. Rec. 14: 231, 1952. Pro, I. AND IwAsmoR
 lntersuchung uber die k rinen Sehweis drusen in Menschlieher shsel-
t. Jap., 23: 147, 195
 H R    s at
